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USE OF AN ARTIFICIAL SATELLITE IN UPPTR AJR RESEARCE

H. X. Kallmenn and W. W. Eellogg

From the time President Eisenhower on July 29th of last year smnounced the
launching vithin the near future of an artificial satellite, scientists from all
over the vorld have indicated very great interest in the project. The artificial
moon, as it also mey be called, will be this country's most significant comtribution
to the global scientific effort which is planned for 195758.

Why are scientists so interestel in such a spectacular and sxpensive under-
taking? Befare trying to answer that question, I should like to say a fev wvords
sbout the International Geophysical Year (IGY) program, of which the satellite
program is only a part. .

During this period the scientific efforts of some kO netions will be co—ordi-
nated to obtain observations on a world-wide scale, observations which will be vitel
to our scientific progress. Every effort is now being meds to set up observation
stations extending from pole to pole alang certain meridians—10° East, 140° East,
and 750° West longitudes—together with stations closely spaced around the equator
and at the polar regions. Thus the observation and orbital tracking of an earth-
cireling wehicle vill be greatly helped by these stations, particularly if the
satellite is equipped vith a simple radio transmitter vhich can contact these stations.

This country's effort in the worldwide program is being sponsored by the
National Academy of Sciences, and is being gulded by the U.8, Natioma) Committee
for the 10Y under the chairmanship of Professor Joseph Ksplan. Thirteen panels
have been set W to direct the research in the different sciences related to
problems in geophysics.

The principal fields of study will be solar activity, longitude and latitude,
glaciology, tceanogrsphy, metearology, geamagnetiem, aurcre and airglow,

ionospheric plysics, cosmic rays, seismology, and gravity. A large
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portion of our prugram is in ths hands of the Rockst Panel for purposss of
high-altitude rescarch. Soms 600 rockets of various sizes which will reech
altitudes up to 200 wles (approx. 320 km) will be fired from differemt lo-
oations. A separate panel will conduct the satelli's program.

The programs of the other nations are beinz organized in a similar manner,
although for most countrios on a smallsr scale, with the exception of the
Russian program which in size is comparabls to the U. S. program. However,
no rocket research program and no satellite program has been submitted by the
Soviet Union to the internmational committee as of today. France, England,
ustralia, and Japan, however, may undertaks rocket research during the ICY.

Now, I should like to c-me back to the question &s to why scientistas
want such an extravagant plece of equipment as an artificial satellite for
their experiments and observations, Why can't they be satisfiocd with the
observations made by means of rockets?

The answer is, that soundinz rockets launched from a particular location
at a particular time can give a vertical pdcture only of the atmosphere at a
singlc instant of time, whereas most or the important observations to"be made
during the ICI are those which vary contimuously with tiwe, latitude, and
longitude.

This picture (M.g. 1) is a schematic diazram of most of the important
upper atmosphere probvlems. The same atmosphers which, by absorption, pro-
tects us from the powerful radiation coming from outside, is also the obstacle
which hinders us from looking into outer space. In particular, the very im-
portant region of the ionosrhere which is formed by the ultraviolet and I-ray
radiaticn coming frcm the sun, acts as an "ion—-curtain" beyond which we cannot
ses. And i*® is sxactly this which we aust do if wo are to advance our know-

ledge of conditions on the earth and their dependence on conditions outside
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the earth's atmosphere. A mere glimpse into spsne, as made by rockets, is
not enough. We must look Mr an extendsd period of tims from considerable
altitudes in both directions—into space and towsrds the earth,

The t:pes of data which can be collected by means of & geophysical
satollite will vary with the available weipght, power, and other features of
the wehicle, such as auxiliary power supply and attitude stadiliszation.

There are two types of information which can be obtained from path ob-
servations alonsy these are aimospheric densities and geodetic Mh.
For these observations no instrumentation is required, although a light-weight
radio transmitter of 5 to 10 pounds would be desirable. In any event, ex-
tremely accurete tracking of the vehicle in its orbit over several rewvolutions
is essential. As the satellite circles the earth the air particles wll
gradually slow it down, so that it will eventually fall into the thicker
layers of the lower atmosphere. Thus the altitude of the ortdt w1l gredually
change. Since the air dras is directly proportional to the square of the
vehicle's spsed and the stmos-heric density, the drag effect can be used to
deternine air densities at these great heightas.

A more accurste determination of the sise and shape of the earth, and
the distances between continents and islands, mey be obtained if the artificial
moon, rather than the mmal one, is used for seodetic measurements. The per-
.urbation of the trajectory ocaused primarily by the oblatensss of the earth
will be larger on such a small venicle opsrating close to the earth's surface,
than it is on tie large moon which is so much farther awy. Again, scourate
trackin: from various stations along the path is essential.

Artificial seeding from the satellite, which means spraying known gases

into the atmosphere, could serve a dual purpose., First, the tracking problea

could be helied if the zas were to react with the air particles in such a way
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as to produce visible 1icht trails which cculd be seen from the ground.
Second, from spectroscopic observations of these light trails atmospheric
composition could be deduced, since the zas ejected from the satellite ob-
viously could react only with the air particles present at these high alti-
tudes. No orientaticn or telem:tering devices are neseded for this expsriment.

With a slightly larger payload for ingtrumentaticn—20 to 25 pounds for
example—valuable meteor observations could be msde. At present, meteors
are observed from the gro md by the visible light and ionization they cause
when enterine the earth's atmcsphere at altitudes of 100 -200 kilometers.
High-speed telsscopss, and radic or radar equipment, are used for observing
these effects., It is obvious that enormcus difficulties are encountered in
determining the mumber and the masses and dengities of meteors enteriny the
earth's atmosphere per day on the basis cof these rather limited ocoservaticns,
Also, telescopic cameras can cover only a small region of the sky at a time,
and they are limited as to the order of magmitude or brichtness to which they
oar. see, Radar obserwations are hampered Uy the fact that in tlie case of
small particles their paths must be perpendicular to the beasy otherwise no
sigral will be returned.

The impact of meteorites and micrometeorites on an artificial satellite
can be measured by means of nicrophones placed along the skin of the wehicle.
The mumber cf pips observed in “he telemetered record would zive the mumber
of dust particles encountered in & known e&rea over a kown period of time.
There is rocent evidence that wore dust may enter our a-mosphere than has
been assumed. Then, also, ‘here is the question of now much, if any, of the
dust causin; the zodiacal lirht drifts down to us,

Artificial metears of known sise, density, and velocity could be ejected

from the satellite by means of shaped charges, Observations of the luminous
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and ionisation efficisncy of these known particles when they enter the denser
portions of the atmosphere would help in deducing masses and densities of
real meteors coming from the solar system or from ocuter space.

Two obviously imvortant applications of magnetic field measurements
concern studies of cosmic rays and studies of the intsractions between mag-
netic distirbances and the conditions in the ionosphere. 8&ince the earth's
magnetic field has an influence on moving charged particles, it is clear that
it has an influence on incoming protons, slpha particles, and heavier ions
which maks up the primary cosmic rays.

There are voury significant variations in the earth's magnetic field
due to the complicated interactions between the motion of charges in the
upper atmosphere and ths geamagnetic fleld itself. It has frequently been
pointed out that the winds in the ionosphere, which carry charged particles
across the magnetic lines of force, cause the ionosphere to bshave liks an
elactric generator. The currents which are generated produce magnetic fields
which are nsasured at the earth's eurface as psrturbations on the steady fisld.
These perturbations become particularly noticeable during "sagnetic storms,®
and may amount to as much as 1C per cent of the permanent compomsnt.

Simple and rugged total-field marnetcmeters based on mwlear resonance
have been devised. Their extension to this problem appsars to be relatively
easy. Since the total fiald is involved, attitude stabilisation is not
oritical, but some attention would have to be given to the magmetic moment
of the vehicle itsalf,

Ever since cosmic rays were discovered some L0 ysars ago, the problea
of the nature and origin of cosaic radiation has been ons of the most in-
triguing in the field of physics. An answer to these questions wizlit give a

krowlsdze of the hishest voltage generative force in the universe, amd
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perhpas =ven a better insight into the ancient question of the origin of the
universe. Astudy of the behavior of primary cosmic ray particles would also
further our umderstanding of the furdamental forces which bind sub-atomdoc
particles.

Obserwations of primary perticles as well as secondaries produced by the
interaction with air particles, are made by means of cloud chambers, ionisa-
tion chambers, Geiger counters, Geiger -elescopss, and photographic emulsions.
The latter requires physical recovery of the film, while the former methods
require telemstering of the cbservations.

To date, reflection of sunlight by the earth has been calculated from
estimates of reflaction from clouds, oceans, snow fields, forests, etc., or
by the earthshine reflected from the moon. These techniques; ugeful as they
are, have serious limitaticns, as has been pointed ocut by Dr. Fritg. A
satellite wvehicle would have an unobstructed view of ths earth and sky, so
that the rediation reaching the earth from the sun, and the radiation re-
flected from the sarth back into space, couls be measured.

The measurements talen from a bolomster pointing toward the sun would
provide a direct deternination of the so-called solar constant ard its possi~
ble variation. The measurement of the incoming ensrgy, ths reflected and
back-scattered energy, and the outgoing long-wave radiation would provide
the necessary ener ;. jdata for studies of the thermodynmamic state of the earth
and its atmosphere—e problem of zreat importance to the msteorologist.

Iast but not least, I would like to discuss the importance of ultra-
violet and X-ray moasuremsnts from an artificial satellite. It is this
radiation cominy from the sun ard its atm-sphere, the chromosphere and the
corona, which is completely absorbed by our atmosphere and which therefore

cammot be observed from the surface of .he earth., On the other hand, it
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is this radiation which is responsible for the formation of the ionosphere—

the highly ionised regions of our atmosphsre between 100 and 300 lm—which
are able to reflect radioc wmaves sent up from the ground, waves which carry
important messayes over larze distances at speeds close to the wvelocity of
l4sht. The whole problem of long-rangs radio communication is affected by
the state of the ionosphere.

An artificial satellite capable of measuring over an extended pericd

of time not only the radiation entering the atmosphsre when the sun is quiet,

but also the radiation emitted durin; solar flares and durin: other solar

L RINE e . 4, L M

disturbances, would be of vital help in our understanding of radio blackouts,
and md tht provide a clue to the correlation of weather phenomena and specifis
solar activity., The continuous wertical shifting of the iomized layers with
latitude, seasons, and time of day may be explainable from thess obserwations,
in ~hich case bstter predictions for commurdcation purposes could be made.

The met ods used to detect solar radiation depend on the wavelength

re~ion of interest and on the altitude above the earth at which this radiation
is to be cteerved. At an altitude of about 250 miles, practically the entire
spectrum of radiation emitted oy the sun and its atmosphers should be present.
Ultraviolst intensi.ies have bee:. measured by thermoluminescent phosphor,
which has the property of bein- sensitive to wavelengths less than 1300 2
but not above. I-rav radiation can be measured by photon counters. Tele-
meterirg devices and attitude control in a satellite weculd be necessary to
obtaiy this information. For this reason, observations of this typs may not
be aron; . e first to be made from arn artificial satellite.
In concluding this presentation, I should like to stress the fact that
important knowledge can te valn-! from onservations made from any satellite,

whether or not it carries an appreciable instrumentation payload. The experienges
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gained by the designrer and the constructor of the first satellite vehicle
would add to the improwensents in the ones to ccme. I am convinced that
once we enter the satellite age, the possibilities for advancemsnt in sclence

and its application to commercial provlems will be very great.
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